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A  aultl-mode.  faet-taapilug,  quadrupole  aats 
•pectrooeter  was  flown  on  shuttle.  The  lnatruaaot 
acasuttd  the  neutral  and  positive  Ion  eoapoaltlon 
and  densities  aa  well  as  the  vehicle  potential. 
The  apectroaeter  also  was  able  to  distinguish  the 
aablent  neutral/lon  epeclea  froa  the  contaminants 
bp  separating  thca  In  an  energy  analysis  nod* .  Tha 
plaaaa  aeasureaents  showed  relatively  large  aaounts 
of  HjO*  and  B3O4  Ions  that  were  created  In  the  water 
vapor  cloud  surrounding  the  spacecraft.  Plasaa  de¬ 
pletions  of  about  an  order  of  aagnltude  occurred 
during  VCS  firings.  Examples  of  vehicle  potential 
aeasureaents  p* rforsed  by  sitting  on  the  0+  and 
alto  the  NO*  peak  while  applying  a  stepped  retarding 
potential  are  shown.  Neutral  species  aeasureaents 
Indicated  the  major  contaalnants  were  water  vapor 
and  hellua.  The  quantity  of  water  vapor  detected 
versus  time  correlated  directly  with  the  temporal 
variation  of  spacecraft  tenpcracure.  Hellua  was 
In  excessive  aaounts  throughout  the  flight.  The 
tine  dependent  characteristics  of  the  backseat tered 
exhaust  products  froa  the  OMS  and  VCS  firings  were 
accurately  measured.  The  major  exhaust  products 
were  Hj,  HjO  and  N2.  The  largest  return  flux 
can *  froa  the  VCS's  located  on  the  apectroaeter 
pointing  side.  The  concentratlone  of  heavy  Basse* 
(greater  than  50  aau)  were  saall. 
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A  versatile  lon/neutral  quadrupole  aaas  apee- 
troseter  was  designed  and  developed  ln-house  by  the 
Coe petition  Branch  of  the  Air  force  Geophysics  Lab¬ 
oratory  to  measure  the  gaseous  and  plaaaa  envlronaent 
around  the  Space  Shuttle.  This  report  briefly  de¬ 
scribe*  the  Instrumentation,  the  various  modes  of 
operation,  the  date  acquleltloo  progras  and  than 
presents  aoae  of  the  data  obtained  *rt>lle  operating 
In  the  neutral  and  Ion  Bodes.  Measureatnta  ere  pre¬ 
sented  of  thruster  firings,  water  duspe,  energetic 
backseat  ter  phenosena,  the  teaporal  behevlor  of  con¬ 
taminants,  the  plaeaa  envlronaent 'e  modification  by 
contaminants,  Ionospheric  Irregularities  and  vehicle 
potential  aeasureaents. 

System  Description 

A  sore  complete  description  of  the  lnstruaente- 
t lor.  is  given  elsewhere.1  The  lsetruacnt  can  oparata 
In  elthar  of  two  prograa  aodea  that  arc  controlled 
by  uplink  cosusanda  to  the  shuttle.  In  mode  1  posi¬ 
tive  Ion  aeasureaents  are  made,  and  In  aode  2  neutral 
gat  aeasureaents  are  performed.  Mass  prograas  for 
the  two  aodet  are  given  In  Table  1.  The  aode  1  pro- 
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graa  consists  of  66  separata,  aon-rctarded  (NS)  mass 
aeasureaents  followed  by  25  retarded  (B)  selected 
aaas  aaaaurcaenta  «*>lch,  iD  turn,  are  followed  by 
39  noo-retarded  high  resolution  (HR)  measurements . 
The  final  66  steps  of  the  Ion  aode  consist  of  two 
vehicle  potential  (VP)  sweeps  to  determine  shuttle 
potential.  Dwell  time  In  each  atop  la  10  Billisec¬ 
onds  resulting  In  an  Ion  aode  prograa  period  of 
1.92  seconds. 

In  the  flrat  66  Ml  ateps  of  aode  fj-  positive 
Ions  of  all  energies  arc  allowed  to  pats  through 
tha  grid  systaa  for  aaas  analysis  of  Iona  between  1 
and  67  amu  Including  two  total  Ion  steps  for  aasaes 
greater  than  50  aau.  The  next  25  aaas  aaaplcs  arc 
sat  on  expected  contaminant  aasaes.  During  this 
period,  a  retarding  voltage  (Vt)  of  +2.5  volts  la 
applied  to  a  grid  to  remove  the  low  energy  contam¬ 
inant  lone  which  travel  with  the  shuttle  froa  the 
energetic  aablent  Iona  which  aove  at  relative  space¬ 
craft  velocity.  The  diffcraoce  between  the  retarded 
and  non-retarded  aaaaurcaenta  defines  the  ahuttla 
contaalnants.  Tor  this  schema  to  work  properly  the 
Instrument  aperture  Bust  point  into  ram,  1.0 .,  along 
the  shuttle's  velocity  vector.  The  following  39 
stops  nr  high  raaolutlon  (HP)  aode  were  set  up  to 
measure  equatorial  Ionospheric  Irregularities  with 
higher  spatial  resolution  by  Increasing  tha  eeapling 
rata  of  aoloctod  ions.  Tor  oxaaple,  for  aaao  16 
(0*),  tha  opotlol  resolution  lo  600  motor#.  All 
blast*  for  thlo  ported  ore  the  tarns  aa  In  tha  first. 
66  HR  step*.  The  last  66  VT  steps  ware  progressed 
to  mtecuTo  vehicle  potential  whan  tha  instrument  la 
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Related  la  the  raa  direction.  Th*  spectrometer  ta 
flaed  on  It  aau  (0*)  (at  U  otap*  nnd  tW>  SO  a*a 
(■0*)  for  St  atop*.  For  0  ,  tha  t  grid  la  atappod 
from  -4.45  aelta  ta  ♦  7.91  aalta  aad  far  »♦,  fra* 
-4.05  ta  412.50  aalta.  Thl»  aod*  aakaa  oaa  af  tka 
fact  that  tha  ahuttla  velocity  la  caaataat  at  about 
0  klloaatrra  par  second  aa  that  tha  aaargp  la  alac- 
tron  volt*  at  tha  Incoming  Iona  la  equal  to  ana 
third  th*  aaaa  number  la  dKV.  Therefore,  far  a 
atro  volt  ahuttla  potential,  th*  0*  current  ahauld 
atart  to  deereaa*  In  magnitude  at  Vr  »  *5.53  volt* 
and  for  MO*  at  410  volte. 

The  neutral  aod*  conelete  af  two  group*  of  44 
meaaureaente .  Th*  flrat  group  aeaaure*  aaaae*  be¬ 
tween  1  and  47  aau  plua  two  atepa  for  total  loan 
greater  than  50  aau,  all  la  the  eon-retarded  (HR) 
aode.  The  aaa*  aeaaureaente  are  made  for  tha  second 
group  of  44  but  with  a  retarding  potential  af  2.5 . 
volte  on  th*  Vr  grid.  A*  la  the  poaltlve  Ion  aod* 
for  ras  condition*,  th*  difference  between  the  re¬ 
tarded  and  non-retarded  aeaturtaenta  Identifier  the 
contaalnant  epee lea. 

Por  all  operating  aodea,  the  Ion  current  to  a 
aaapllng  grid  la  aeaeured  before  the  Iona  enter  tha 
quadrupole  filter.  The  aeaeured  grid  current*  re¬ 
late  to  the  ambient  Ion  denaitle*  in  th*  loo  nod* 
and  to  th*  Ion  aourc*  preaaure  In  the  neutral  aod* 
which,  in  turn,  can  be  uaed  to  determine  aablent  and 
contaalnant  denaitle*.  Contaalnant  neutral  apecle* 
concentration*  are  Ouch  aor*  difficult  to  obtain 
and  require  the  uae  of  coaplax  acatterlag  prograa* 
like  SPACE  2  to  Interpret  the  aeaauraaenta.  Th* 
apatlal  rcealution  of  th*  grid  current  neature- 
aente  la  80  aetcra;  however,  it  1*  only  Halted  bp 
th*  aaapllng  rate  available  on  (buttle. 

The  lnatruaent  waa  aounted  auch  that  It  wa* 
looking  horizontally  over  th*  right  wing  but  pitched 
upward  12*  froa  the  right  wing  or  y-axla.  The  ln- 
atruaent’*  field  of  view  waa  a  20*  rone  for  loo*  and 
about  2r.  for  neutral*. 

Oat*  Ac;ul*ltlon  Prograa 

Over  th*  entire  perloa  of  th*  'Space  Shuttle'* 
flight  the  lnatruaent  waa  coaaanded  oa  158  tlaea 
with  data  gathering  period*  varplag  fraa  aa  ahort 
aa  5  minute*  to  a*  long  aa  45  minute*  over  orbit* 
apannlng  froa  Rev.  3.4  to  94.9.  There  were  four 
data  gathering  prograaa:  1)  all  Ion;  2)  all  neutral; 
3)  5  aln.  neutral  -  3  min.  Ion;  and  4)  5  min.  aau- 
tral  -  5  min.  Ion  -  the  remainder  neutral.  Th*  aea- 
aureaent*  were  further  prograamed  around  engine  fir¬ 
ing*,  water  dump*,  atudlca  of  lonoapherlc  Irregular- 
Itlee,  and  other  event*.  Th*  vacuua  cap  waa  opened 
on  orbit  3-0  aod  cloaed  on  orbit  94.9  aeallng  th* 
lnatruaent . 

Heutral  Preaaure  and  Ion  Penalty  Converalon  Pactora 

Th*  aeaauraaenta  are  prevented  In  taraa  of  ***- 
aured  current*  varau*  Hlaalon  Elepatd  Tiae  (NET)  la 
aecond*.  For  th*  neutral  aod*,  apaela*  preaauraa 
and  denaltia*  have  not  pat  baan  calculated  beceuae 
the  epacacraft  attltud*  data  ar*  not  ffnallgad.  Fig¬ 
ure  1  give*  a  grid  currant- to- loa  aourc*  praaaur* 
converalon  curve  (or  nitrogen  (Nj)  >•*  <Meh  gener¬ 
ally  can  ba  uaad  to  obtain  a  rough  aatlmet*  of  in¬ 
ternal  < ion  oeurca)  praaaur**.  (Th*  go*  ceapoaitlon 
auat  be  taken  Into  account  for  an  aceurot*  praaaura 
dataralnatlon.)  Por  th*  lea  mode,  th*  grid  current 
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Pig.  1  loa  aourc*  preaaure  versua  aeaeured  grid  cur¬ 
rent  for  nitrogen  (M2). 

(Deneltp  Monitor)  can  be  aultlplled  bp  2  a  1013  ion* 
cm”3  aap  -1  to  obtain  total  Ion  deaeltp  to  within  a 
factor  of  two  for  ram  condition*.  Normal laetlon  to 
other  plaeaa  deneltp  aeaeureaent*  00  the  epacacraft 
will  lncreaa*  th*  accurecp  of  thla  factor.  Th*  out¬ 
put  of  tho  loo  apecle*  aap  then  be  ecalcd  to  th*  to¬ 
tal  number  deneltp  to  obtain  apecle*  concentration*. 

Neutral  Mod*  Meaaureaenta 
Thruster  Firing  Effect* 

Engine  firing*  produce  significant  perturba¬ 
tion*  of  light,  particle*  and  gaaec.  With  up  to 
40,000  engine  burns  over  a  tpplc*l  _f light,  s  sig¬ 
nificant  disturbance  occurs  about  once  every  flf'eac- 
onda  oa  avaraga,  aach  with  varplag  duration-  To 
clrciavant  thla  problea,  varlou*  experimenter*  have 
obviously  requested  the  engines  be  Inactivated  dur¬ 
ing  their  aeaeureaent*.  Th*  mess  epee t roaster  ha* 
the  capability  to  chsroctorla*  the  exhaust  gas  prod¬ 
ucts  cod  their  return  flux**. 

Figure*  2  and  3  present  staple  aeaaureaent*  froa 
orbit  4.4  taken  at  olght  near  -27*  latitude  with  the 
lnatruaent'*  angle  of  attack  at  90*  and  the  shuttle 
flplng  to  an  airplane  mad*.  Th*  Interesting  feature* 
of  orbit  4.4  or*  th*  measured  gee  return  flux**  from 
the  vernier  sod  OMS-4  burn*.  Por  oil  throe  caeee,  th* 
pressure  pulse*  ora  about  10"*  tort,  and  In  o  matter 
of  1-2  aecond*  after  engine  ehut  down,  all  levels  ar* 
beck  to  normal  (see  Figure  4).  Th*  three  major  en¬ 
gine  exhaust  product*  ar*  Be,  BjO  sad  Nj  with  rela¬ 
tive  concentration*  of  0.4,  0.3  aad  0.1,  roapactivolp 
for  tha  QHS-4  burn.  For  th*  flrat  vorolor  praaaur* 
pulee.th*  relative  concentration*  are  0.11,  0.51  aad 
0.38  sod  for  th*  second  0.11,  0.34  and  0.5),  reopoc- 
tlvelp.  Thar*  do  not  appear  to  bt  any  significant 
amount*  of  CO  or  OOj  1*  the  return  flue.  Disregard¬ 
ing  the  ebeeoc*  of  00  and  00],  tha  aapected  aad  mea¬ 
sured  relative  cempeeltlea  af  the  vernier  exhaust 
product*  coapare  fairly  well,  aklle  the  OHS  flux  la 
clearly  rich  la  B}-  This  behavior  map  be  due  to  th* 
larger  molecular  scat  ter  lag  efficiency  af  Bg  «AUh 
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ig.  2  Orbit  4.6  HKuTnmti  of  Hj,  BjO  and  the 
preaaure  monitor  exhibiting  the  offeeta  of 
tb«  Vernier  and  OHS  burna. 


to  latereatlag  event  occurred  to  orbit  $.4,  ap¬ 
parently  the  directed  fine  of  cabinet  apeclca  lapert- 
ad  aaae  energy  to  the  abut tie  eoataelnanta  through 
alee  tic  collleloaa.  figure  5  preaaata  the  aeeaured 
l|0  end  la  con taelnenta  ahowlag  a  broad,  bell-ebepad 
preaaure  anhaoceaent  with  a  aatlaua  locreeae  of  a 
factor  of  2.5  while  BjO  eahlblta  a  factor  of  about 
1  tacroaoo.  la  oharp  coatraat,  Be  alrrora  the  BjO 
behavior.  Both  the  retard  and  non-retard  HjO  and 
Be  aeaaureaeota  are  preaentad  la  figure  14.  It  la 
acted  that  the  retard  current  rleee  dramatically  and 
la  atooat  equivalent  to  the  non-retard  current  at  the 
l}0  peak.  Thle  pattern  doee  not  occur  for  Be  and  to¬ 
pline  that  a  algnlflcant  percentage  of  the  lncoalng 
BjO  flue  had  egerglea  In  emceaa  of  2.S  eV.  The  only 
known  way  thla  could  happen  la  through  elaetlc  col- 
llalona  with  aablent  apeclca.  ferhapa,  alao,  the 
ambient  flux  la  grating  the  denaeat  portion  of  the 
outgaaalng  layer  to  produce  a  large  backecattered 
flux.  The  decreaae  In  Be  aay  occur  If  the  principal 
aource  region  waa  downetraaa  froa  the  aaaa  epectroa- 
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fig.  3  Orbit  4.6  aeaaurenenta  of  hydrogen  ahovlng 
clear  lncreaaea  due  to  the  engine  flrlnge. 


fig.  4  Preaaure  monitor  output  for  orbit  4.6  at  the 
full  100  aaeplea  per  aecond  data  rate  allow¬ 
ing  the  OKS-4  burn.  Dlaregard  vertical  linen 
in  the  current  output. 

auet  be  acat cared  forward  froa  a  pluae  directed  to 
the  rear  of  the  epacecreft.  In  the  caae  of  the  ver- 
niera.  the  return  flea  la  detected  aelnly  free  the 
verniera  located  on  the  epectrooeter'a  pointing  aide. 


Hbtar  vapor  and  hellua  centaalnanta  aeeaured 
oa  orbit  3-4  deoonetratiag  the  hellua  alrrot 
taaga  of  the  preaaure  bulge  and  the  tncraeae 
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ater,  such  chat  the  It  eaa  B*  ’washed*  mway  ttm 
Cha  aaaa  spectrometer.  Trot  23, MO  eecoade  1ST  om- 
tll  tha  aad  of  the  measurement*  chart  vara  it  maglaa 
firings,  ao  watar  duo pa  aad  basically  nothing  to 
explain  this  behavior.  Tha  ooly  variable  aaa  tha 
Inatrusent  attack  angle  which  smoothly  aad  slowly 
Increased  wonotonleally  by  only  5*.  Othar  species 
Ilka  tha  Tt  aaaauraaanta  for  loaa  greater  than  50 
emu*  thow  a  raaponaa  alailar  to  Ra  while  aaaa  11  (0) 
la  alailar  to  tha  B2O  hahavlor.  Nora  atudy  la  re¬ 
quired  of  tha  cooplas  colllaloaal  acattarlag  pro- 
caaaaa  to  explain  thaaa  aaaauraaanta. 

Haaauraaanta  Purina  Watar  P>»pa 

A  aupply  watar  duap  of  12A  lba  at  an  average 
duap  rata  of  158  lb/hr  occurrad  batwaan  28,920  and 
31,740  aaconda  NET.  Within  thla  aaaa  tlaa  parlod, 
a  wait*  watar  duap  of  85  lba  at  a  duap  rata  of  110_ 
lb/hr  took  placa  batwaan  29,160  and  31,200  seconds' 
NET.  Neutral  soda  aaaauraaanta  wara  aada  aftar  tha 
atarc  of  tha  water  duspa  batwaan  29,620  and  29,860 
aaconda  on  orbit  6.7.  Tha  H2O  and  preaeure  monitor 
outputa  for  orbit  6.7  arc  ahown  In  Plgura  6  along 
with  a  plot  of  the  VCS  firing*.  Tha  Inatruaent'a 
attitude  or  attack  angle  la  about  105*  (toward  wake). 
The  water  vapor  output  lncraated  by  about  a  factor  of 
8  froa  the  beginning  to  the  and  of  tha  run  and  may  be 
aasoclated  with  the  watar  duap.  Tha  relatively  flat 
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fig.  *  water  vapor  aaaeuraaenta  during  water  dwapa 
and  vet  ftrlnga. 


preaeure  *00110?  door  not  reflect  tha  IjO  rlao,  ho- 
eouoa  othar  apectae  at  4,  2d,  30.  32  aad  id  aau  mere 
•ora  flat  aad  dominating.  Tour  dletlact  lacreaaea 
era  naan  ea  the  preaeure  Monitor,  aad  thaaa  ora  all 
directly  aaeoclated  with  VCg  firing*. 

Avaraga  flight  lahavlor  of  Pautral  tpaclaa 

To  determine  poaalbla  trend*  In  the  neutral  ape- 
daa  throughout  flight,  the  aaveral  hundred  or  ao 
■aaa  p •*£.  current*  over  a  particular  run  war*  alaply 
a«ara|»  to  one  point  and  plotted  veraua  a  aaan  NET. 
flight  perturbation  event*,  lnatruaant  angle  of  at¬ 
tack  and  In  fact,  all  othar  parameter*  or  correction* 
war*  eoaplataly  disregarded,  gather  than  show  all 
the  a  pads*  w*  ahall  concentrate  on  shuttle  contaa- 
lnaata  and  the  Ion  source  pressure  excursion*.  The 
two  d on  Inant  contaalnanta  war*  B2O  and  Be .  Whereas 
ByO  can  caua*  both  Instrumental  degradation  as  well 
as  acsiuraaent  perturbations,  especially  In  the  In¬ 
frared,  B*  la  rather  benign,  figure  7  present*  the 
plot  of  tha  avaraga  B2O  behavior  throughout  flight 
with  auparlaposad  spec t rone tar  sensor  teaperatur* 
■caaurenanta.  The  correlation  between  the  H2O  and 
taoperature  profiles  la  taaarkable.  The  were  than 
two  ordara  of  oagnltud*  variation  In  the  H20  output 
certainly  cannot  be  caused  by  the  sensor  outgaaslng 
over  the  teaperatur*  rang*  of  only  about  5-25 *C. 


fig.  7  The  average  RyO  currant*  and  aanaor  temper- 
*•  store  oaasurewenta  throughout  flight.  Not* 
the  striking  aiallsrlty  In  these  two  param¬ 
eter*. 

The  aanaor,  however,  had  an  active  teaperatur*  con¬ 
troller  while  thermistors  placed  throughout  the 
pellet,  although  showing  Identical  profiles,  had 
teaperatur*  excursions  to  at  least  100*C  at  the 
peak*.  Thus,  It  1*  probable  that  the  B2O  output 
1*  directly  reflecting  the  temperature- Induced  out- 
gasslag  of  spacecraft  surface*.  In  the  neutral  node 
the  lnatruoent  ha*  almost  a  2*  field  of  view  and 
thus  can  accept  a  direct  outgaaslng  flux  from  sub¬ 
stantial  surface  areas  In  front  of  the  Instrument 
a*  well  a*  the  backseat tered  flux  free  the  msblcnt. 
A  determination  of  these  fluxes  1*  being  attempted 
wring  the  ffaCE  2  computer  cod*.  It  le,  therefore, 
difficult  at  the  present  time  to  determine  the  water 
vapor  ceocenttatlen*  near  the  shuttle  from  the  neu¬ 
tral  mode  measurement*.  In  fact,  a*  dlocvesed  be¬ 
low  under  the  ion  mode  measurements,  It  may  turn 
out  to  be  assist  salig  the  plasma  measurement*  of 
0  ,  BjO4  and  BjO4  and  the  ooamclstod  tonjoolacwl* 
reaction*  to  calculate  NjO  concentration*.  Never- 


thiliu,  the  spacecraft  teapetaturae,  «Ucb  vary 
considerably  throughout  the  shuttle,  ata  to  ha  a 
significant  controlling  factor  to  the  attar  vapor 
envlronaent.  Although  requiring  future  coaflraa- 
tlon,  It  appaara  that  the  early  tloe  HjO  concentra- 
tlona  and  thoee  sear  the  two  peak*  between  AO, 000 
end  210,000  eeconde  oay  prove  to  be  deleterloue  to 
certalB  I*  oeaaureoanta . 

Kailua  la  alao  a  algal f leant  contaalnant  over 
t£e  whole  flight  aa  teen  la  Figure  I.  for  the  aoet 
part,  the  hellua  currenta  epan  the  range  froa  10*10 
to  6  a  10*®  aapa  or  roughly  A  x  10*®  to  2-3  a  10*® 
torr.  The  aaxlsus  aablent  Re  raa  preature  la  about 
i  x  10*®  torr  or  1.5  x  10*10  aapa,  ao  that  aott  of 
the  He  la  due  to  ehuttle,  especially  alnce  aoat  of 
the  aeaeureaenta  were  not  aade  In  ran.  To  achieve 
He  pressures  up  to  2  x  10*7  torr  In  the  apectroaeter 
requires  a  very  high  hellua  leak  rate. 


Fig.  6  Average  hellua  currents  over  the  seven  day 
flight. 


torr  ta  eat  lasted .  Further,  seat  of  the  TX  signal 
aay  rooult  froa  tea  eourca  outgoeslag.  All  thlo 
laforaotloa  potato  to  wary  low  gee  coaceatratloaa 
for  the  heavy  aaaaao. 

Figure  10  presents  the  average  grid  currants. 
Oalag  the  calibration  curve  In  Figure  1,  the  average 
ton  eourca  praaauraa  era  generally  between  10“' to  7.5 
a  10*0  torr  with  a  downward  trend  with  tine.  The  ton 
source  never  attained  aablent  preaauree  (~  A  x  10“® 
torr)  even  in  wake  saapllng  attltudea.  This  la  not 
surprising  since  It  takes  about  a  week  or  ao  for 
'dean*  satellites  to  fully  degas.  Much  of  the  data 
wee  taken  In  non-res  (high  attack  angle)  conditions 
ao  that  a  significant  portion  of  these  pressures  was 
due  to  outgasslng  species. 


fit-  10  Average  neutral  node  grid  currents  through¬ 
out  flight. 


Average  currents  for  the  total  Ions  (TI)  greater 
than  30  sou  oessureaents  are  shown  In  Figure  9.  The 
current  range  Is  about  1  x  10*10  to  2  x  10*®  asps. 
There  are  Indications  of  Increases  at  the  tespere- 
ture  peaks.  The  TI  node  Is  about  *0  tines  Bore  sen¬ 
sitive  than  the  aass  scan  node.  Although  dependent 
upon  the  Ionization  cross  sections  for  the  heavy 
nasses,  a  TI>59  anu  gas  pressure  of  less  than  10~® 


the  flight. 


Ion  Mode  Heasureuenta 
Contanlnatlon  and  Thruster  Firing  Effects 

^Figure  11  shows  daytlne  oessureaents  at  298.5  ka 
of  0  ,  N4,  HjO  and  the  density  aonltor  for  orbit 
5. A.  The  04  output  Is  depressed  because  the  lnetru- 
nent'r attack  angle  was  high,  varying  froa  33*  to 
38*  while  the  lnstruaent's  unlnpeded  field  of  view 
la  a  20*  cone.  The  HjO4  ions  are  produced  froa  the 
rapid  charge  transfer  reaction,  O4  *  HjO  *  H204  4  o. 
For  raa  conditions  In  orbit  3.6  (not  shewn),  the 
H204/04  ratio  was  about  102.  In  orbit  3. A  this  ratio 
was  unity  and  greater  and  the  HjO4  currents  are  lOx 
larger  than  the  3.6  orbit  values  probably  due  to  the 
lOx  greater  daytlae  (concentrations.  The  HjO4  out¬ 
put  does  not  exhibit  a  strong  dependence  on  the  at¬ 
tack  angle,  perhaps  becauae  the  H204  Ions  have  a 
theraal  distribution  since  there  Is  essentially  no 
aoaentua  tranafsr  In  the  above  reaction.  In  Figure 
11,  the  HjO4  currenta  are  about  equal  to  and  then 
exceed  the  04  currents  as  the  angle  of  attack  becoaes 
larger.  Figure  12  shows  the  saae  orbit  S.A  seesure- 
aente  but  coapares  the  H.04  and  H.O4  outputs.  The 
H«04  Iona  are  produced  froa  the  HjO4  4  HjO  *  HjO*  * 
OH  fast  reaction.  The  HjO4  currenta  alao  rlac  with 
Increasing  attack  angls  and  their  relatively  large 
concentrations  are  Indicative  of  significant  H2O 
pressures  around  the  epacacraft.  He  are  in  the  pro¬ 
cess  of  walng  these  aeaeureaenta  and  the  ton-aolecule 
reactions  to  deduce  neutral  RgO  concent rat  lone. 


Tit-  12  Orbit  S.4  oeaaurcment*  alallar  to  Figure  11, 
coopering  the  BjO4  and  HjO4  output*  along 
with  the  denaity  aenltor. 

Thee*  ataaurtaenta  In  Figure*  11  and  12  daaen- 
atratc  not  only  th*  *ff*ct*  of  water  vapor  eontaa- 
lnatlon  but  alao  of  thruatar  burn*.  Th*  aavaral 
depletion*  In  th*  vlelnlty  of  22,210  and  23,270 
aecsnd*  MET  ar*  du*  to  VCS  firing*.  Th*  danalty 
aor.itor  ahov*  plaaaa  depletion*  a*  large  aa  a  factor 
of  tan,  a*  alao  reflected  by  th*  0*  and  B4  output*. 

*1  though  not  ahovn  hero,  reaction*  with  th*  exhauet 
gaaea  war*  alao  aeaaured.  Specifically,  that*  vara 
B«4,  NO4  and  OH4  enhancement*  produced  by  04  ♦  h, 
*  *- 4  *  0.  O4  ♦  »,  *  NO4  *  B  and  04  ♦  Hj  •  OH4  ♦  B. 
On  the  other  hand  B«04  ahaved  a  depletion,  mainly 
bacauae  th*  neutral  BjO  concentration*  ver*  already 
large  (camparabl*  t*  the  engine  amhauat  BjO),  and. 


Orbit  <9.7  meaauremeota  of  04  and  the  den¬ 
aity  monitor  demonatratlng  the  angle  of 
attack  dependence  on  the  output*  aa  veil 
a*  thruater  firing  effect*. 


Equatorial  Tonoapherlc  Irregularltlea 

Th*  equatorial  orbit  of  ehuttl*  allowed  for 
naaaurement*  of  equatorial  apread  P.  The  lonoaphcrlc 
t  region  collapae*  after  aunaet,  and  an  P  region 
lodge  with  an  unatable  aharp  gradient  1*  formed. 
Plaama  depletion*  ar*  generated  within  the  ledge 
which  then  rlae,  forming  lnatabllltlea  from  th* 
baa*  of  th*  P  region  up  to  -  1000  Inn.  The** 
'plume*'  ar  'bubble*'  ar*  often  earn  between  aunaet 
and  aunrla*  at  equatorial  latitude*  and  can  cauae  up 
to  JOt  outage*  of  UBP  tranaalaalona .  Naaaurement*  of 
equatorial  Irragularltla*  at  J01  ♦  1  km  were  obtained 
m*  a  42.5  minute  nighttime  portion  of  orbit  2* .*•  Tho 
laatrument  wo*  In  th*  ran  poaltlon  for  tho  ontlrm 
paoa.  Figure  14  above  th*  0*,  I4  and  denaity  moni¬ 
tor  output*  for  orbit  >4.g.  The  total  loo  denaity 
ouaroge*  about  )  a  10*  Iona  am'*  before  the i  deple¬ 
tion*.  Th*  groateat  deplotlom  to  about  10*  Ian* 


«•  «> 


Fig.  14  Orbit  14.6  aeaaureaenta  of  04,  V4  and  tha  Pig*  15  Slallar  to  Figure  14  but  replacing  the  K4 

dcnalty  sonltor  ahovlng  reglona  of  lono-  output  with  the  HjO4  ■eaaurcocnta . 

apherlc  lrrcgularltlaa  near  the  equator.  •  -  — - - - - 


I 


ca~3  or  a  factor  of  30  down  froa  aablent.  Only 
one  aaaple  per  aecond  of  the  denalty  aonltor'a  100 
aaapla  per  aecond  output  la  plotted  In  Figure  14. 
It  la,  therefore,  poaalble  la  the  future  to  expand 
the  region  of  the  depletlona  for  higher  epatlal 
reaolutlon  and  to  obtain  denalty  power  fluctuation 
apectra  by  FFT.  We  have  no  explanation  at  thla 
tlae  for  the  large  fluctatlona  In  the  0*  elgnale, 
alnce  the  denalty  aonltor  la  relatively  Booth. 
The  rlae  In  denalty  at  the  end  of  the  run  la  due  to 
aunrlae . 


rigure  1 3  anowa  tne  aaac  omit  aeaeu 

except  that  the  HjO4  output  replacea  the  N4 
The  H204/04  ratio  la  about  2Z  and  la  fairly  c 


Figure  IS  ahowa^thc  ease  orbit  24.6  aeaaurenente 

output . 
conatant 

over  the  42. 5  nlnute  run  lnplylng  a  conatant  Pj0  con~ 
centratlon  over  thla  period.  The  t<204/04  ratio  waa 
about  101  on  orbit  3-6;  therefore,  the  HjO  concen¬ 
tration  waa  about  a  factor  of  5  leaa  for  orbit  24.6 
alnce  thla  ratio  ahoul^  be  directly  proportional  to 


the  H,0  concentration 


I 


Vehicle  Fotentlal  Weaaurenenta 

Figure  16  preaenta  aaaplea  of  the  vehicle  poten¬ 
tial  node  of  operation  froa  orbit  3.6.  The  drop-off 
In  current  for  04  occura  at  approximately  6.3  volta 
indicating  a  vehicle  potential  of  about  -1  volt 
olnce  the  energy  of  04  Iona  with  aero  vehicle  poten¬ 
tial  would  be  5.33  electron  volta.  Fall-off  for 
MO4  occura  at  about  11  volta  alae  Indicating  a  ve¬ 
hicle  potential  of  about  -1  volt  alnce  the  NO4  energy 
la  10  electron  volte.  Moat  of  the  vehicle  potential 
•ode  data  he  a  not  yet  been  reduced  eo  that  It  lo 
not  currently  poaalble  to  determine  the  varlotlona 
of  apacecraft  potential  with  tlae. 
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ftjtlMljM 


Tli*  ••••  iptetttMtir  measurements  k«N  frwrU- 
•4  a  wealth  of  Information.  A  preliminary  Main* 
tlon  of  Just  tows  ot  the  4s ts  lad  to  the  follmwiag 
observations: 

(a)  Ths  largest  laportsnt  coetsalnsnt  was  water 
aaper  and,  except  for  thruatar  burns  and  water  dun  pa, 
its  quantity  stcas  to  be  directly  controlled  by  tba 
temperature  of  spacecraft  surfaces. 

(b)  Htllua  was  a  aejor  contaalnant  throughout 
flight  with  concentrations  approaching  those  of  120. 

(c)  The  return  gas  flux  due  to  OHS  and  PCS 
burns  produced  pressure  pulses  of  1-2  a  10”*  torr 
rising  mediately  with  engine  Initiation  and  falling 
to  background  levels  within  a  few  seconds  of  angina 
cut-off.  The  major  angina  exhaust  products  wars  Wj, 
■2°  and  ^2*  Th«  return  flux  was  graataat  from  the 
verniers  on  the  spectroaeter  pointing  side. 

(d)  Species  with  masses  larger  than  SO  amu  were 
always  in  small  concentrations. 

(e)  Measurements  of  energetic  bsckacatterad 
neutral  molecules  were  made  and  will  aid  In  under¬ 
standing  the  complex  scattering  processes. 

(f)  Neutral  measurements  during  water  diapa 
showed  a  steadily  rising  H20  elgnal. 

(g)  Plasma  depletions,  typically  as  large  as  a 
factor  of  about  10,  were  observed  during  thruster 
firings.  Enhancements  of  N2*,  NO*  and  OH*  ware  mea¬ 
sured  during  the  firings-  These  Ion  spetlas  were 
created  by  Ion  molecule  reactions  batwacn  0*  and  the 
exhaust  gases. 

(h)  It  la  possible  to  determine  both  the  change 
and.  In  the  future,  concentratlone  of  BgO  near  the 
vehicle  from  the  plasma  measurements  of  the  B20*/0* 
ratio  and  from  measurements  of  HjO*  also. 

(I)  Despite  the  contamination,  It  was  still 
possible  to  measure  accurately  Ionospheric  Irregu¬ 
larities  and  the  ambient  plasma  while  in  the  ran 
sampling  configuration,  since  the  contaminant  dis¬ 
turbances  wsts  small. 

(J)  It  was  demonstrated  that  vehicle  potential 
SMaaurements  can  be  performed  using  the  spectrometer. 

In  conclusion,  all  of  ths  planned  mast  spectrom¬ 
eter  measurements  were  acquired.  A  great  deal  of 
data  analysts  remains  along  with  comparisons  to  other 
measurements. In  future  flights  It  would  be  desir¬ 
able  to  have  many  more  ram  observations  spaced  prop¬ 
erly  throughout  flight  plus  the  cepablllty  of  placing 
tha  spectromatar  on  the  MS.  Such  measurements 
would  be  much  eoeler  to  Interpret. 
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